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REIMFOROBD CONORBTB AROH BRIDGE FOR BUTLflDGE STREET, MADI30M, WIS > 
CHAPTER I. OBJECT, SCOPE, AND PLAN OF THESIS 

The existing arch bridge aoross the Yahara River at Rut- 
ledge Street in Madison, is so oonstrnoted that the driver of 
a vehicle does not have a good view of the street ahead. The 
object of this thesis is to design a reinforced concrete 
arch bridge for this location that will eliminate the present 
dangerous condition. 

In the thesis, investigation will be confined to a graphic- 
al analysis of the arch ring and the abutments* All architec- 
tural details will be considered as being outside the scope 
of the thesis. 

The first step in the thesis investigation was a loca- 
tion survey, in which the dimensions of the existing bridge, 
the road profile, and the topography about the bridge was se- 
cured. The question of the kind of traffic to which the 
bridge was subjected was solved by a traffic census. 

It was decided that the dangerous condition mentioned 
above could be solved by decreasing the rise of the arch« 
The Williamson Street bridge, two blocks away, had a clear- 
ance one foot smaller than that of the existing bridge* Since 
it is reasonable to believe that the smallest clearance of a 
bridge would limit the size of craft, and since a smaller 
clearance would decrease the rise of the arch, the clearance 
of the Vfilliamson Street bridge was adopted. 
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CHAPTER II. GENBHAL DATA 

Method of Analysis - Elastic Theory - Turneaure tc llaurer's 
Prinoiples of Reinforced Concrete Construction 



Span 


50' 


0" 


Rise 


7' 


6" 


Inside width of bridge- 


42' 


0" 


Vfidth of Roadway 


32' 


0" 


Width of Side Walks — 


6' 


0" 


Depth of Pilling Over 


1' 


0" 



Crown 

Bearing Power of Soil- 7000 Ibs/sq.ft* 



Dead Loads 

Weight of the Pavement 150 Ibs/ou.ft* 

Weight of Earth Pill 120 Ibs/ou^ft* 

Weight of Concrete 150 Ihs/ou^ft* 



Live Loads (Uniform) 
Human Traffic 80 Ihs/sq.ft. 

Automobile Traffic 125 Ibs/sq^ft. 

Live Loads (Concentrated) 
A 14- ton truck was thought to be the heaviest truck that would 
pass over the bridge • This concentration was reduced to equi- 
valent uniform load by dividing the concentration by the plan 
area of the truck* Then the equivalent uniform live load « 

28000 . 87*5 lbs/ft2 
10 X 32 ^ 
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Conditions of Calculations 
E - 30,000,000 Ibs./^* 
» 2,000,000 Ibs.y^t^* 
n « 15 

^0 * ^^^•J^^^* exclusive of temperature stress. 

^0 " "^^^ •/Jjf* ^ ^* temperature change • 

S ft 
fg a 16,000 Ibs.^^ft^ . including a temperature change of 20" F. 

Tension in the concrete is to be neglected. 

Maximum allowable shear on concrete - 75 lbs/ft • 

Loading Systems 

1. Dead Load only. 

2. Dead Load plus Live Load on the whole span. 

3. Bead Load plus Live Load on the center half of span to yield 

maximum <i*H^. 

c 

4. Dead Load plus Live Load on the end three-eighths of the 
span to yield maximum -M^. 

5. Dead Load plus Live Load on five-eighths of the span to 
yield maximum -^VLq. 

6. Dead Load plus Live Load on three-eighths of the span to 
yield maximum 
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APTER III. PRELIMINARY INVE3TISATI0N3 

Lminary investigations, consisting of a looation 
traffic census, were made in order to determine 
I, and width of the bridge, and to ascertain 
>ns traffic might assume in the future. 
,tion survey furnished data from which a pro- 
reet grade and a map showing the existing bridge 
•he survey disclosed the fact that the Yahara 
Lakes Mendota and Monona acted in the capacity 
nnel in which there was a regulated flow of wa- 
small rate of discharge. It was also noted that 
etween the two lakes carried off excessive stor- 
Mendota. 

profile showed that the maximum grade of the ex- 
were 11 and 10.5 per cent, respectively. Several 
occurred on the bridge within the last few 
3t seemed to indicate that the bridge afforded 
:)ssing to motor vehicles. Investigation proved 
r of a vehicle could not see traffic that was 
1 him. 

% was obvious that the grade of the approaches 
I in order to minimize the danger, a tentative 
e in which the rise and span of the proposed 
oed. But, with a decrease in rise and span, 
lements must be considered before such a de- 
place. 
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In the first plaoe, by decreasing the span of the bridge, 
the abutments would tend to restrict the water in the river* 
This would oause an increase in the velocity of the water, and, 
if the river assumed an abnormal size due to flood conditions, 
the stability of the bridge would be threatened. Secondly, by 
decreasing its rise, the bridge would bar many of the lake 
craft which formerly used the Yahara River. 

The fact that the river was an open channel with a reg- 
ulated flow of water eltoinated the first element from influenc- 
ing the bridge design; also, since the Williamson Street bridge, 
two blocks away, had a smaller clearance than that of the ex- 
isting bridge, the size of lake craft entering the Yahara River 
was limited by this bridge. Consequently, if the rise of the 
proposed bridge was decreased to that of the iYilliamson Street 
bridge, no limitation of the size of lake craft would be neces- 
sary, and therefore the second element would not have to be 
considered. 

A span of fifty feet with a clearance like that of 
the Williamson Street bridge, and with approach grades of 5.5 
and 5 per cent were chosen. It was thought that these values 
would reduce the danger afforded by the present crossing. 

The traffic census indicated that very few concentrated 
loads were applied to the existing bridge, since most of the 
vehicles which crossed the bridge were automobiles and light 
trucks. 
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An Estimate 

OF 

T/^AFFIC CONDITION'S ACROSS THE ExiSTINS RuTLEDGE 3tREET DriDSE 

FOR 

A Period of Twelve Hours 
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The location of the bridge seemed to reveal that traf- 
fic for the most part would consist of automobiles, since 
the bridge lies in a residential portion of the city, and 
since city officials plan to make Rutledge Street a part of 
the Lake Monona Drive. It was thought that a 14- ton truck 
would provide the heaviest concentrated load to whijh the 
bridge would be subjected. 
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JHAPTER 17. Design of the ahch ring 

es which oocxir in arch bridges are caused by such 
as dead and live load, and such horizontal forces 
tiange and side pressure due to earth filling. In 

last force may be neglected, 
alnation of the thickness of the arch ring and 

the arch axis fixes the amount of dead load, 
lines the position of the line of pressure with 
•oh axis. A form of arch in which the arch axis 

pressure most closely approach each other is 
in be designed. Since live loads and temperature 
:iable stresses, since the dead load is much 
Live load, and since the curvature of the arch 
3y one condition of loading, it is a general 
id load shall define the curvature of the arch 

method is a cut and try process, the dimensions 
;he curvature of the arch axis should be deter- 
lis of the stresses in the arch ring should be 
. their intensities. If the allowable stresses 
d, the arch must be revised and the process re- 

the Thickness of the Arch Ring 

empirical formulae have been developed to de- 
less of the arch at the crown, in which the 
Live load, the fill over the crown at the ex- 
Lse of the arch have been made to vary with 
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None of these furnish an exaot result, beoause of the many 
variables entering into the determination of the crown thickness. 
An average value derived from P. F. Weld's, D. B. Luten's, and 
Balet's formulae will be used to determine the thickness of the 
arch at the crown. A three-centered extrados and intrados will 
be used in the design, in which the radial thickness at the 
quarter point will be one and an eighth times greater than the 
radial thickness at the crown, and the radial thickness at the 
springing will be two and one-half times greater than the rad- 
ial thickness at the crown* 

F. F. Weld's Formula 

d « /S + O.IS ♦ 0*005W 0*0025P 

where 

d m the depth of the arch ring at the crown in inches 

S « the clear span in feet 

W = the live load in pounds per square feet 

P « the weight of the dead load above the crown of the 

arch in pounds per square foot 
Then 3 » 50 ft; W « 125 Ibs/sq.ft; P « ^ x 160 120 ♦ 150x^« 

380 Ibs/sq.ft. 

It was assumed the depth of the arch ring at the crown was 14". 

d « /5U ♦ 0.1x50 + 0*005x125 ^ 0.0025x380 « 13.66'' or 14" 
Since 14" was assumed, it will not be necessary to recompute P# 



D.B.Luten's Formula 



A ^ A ^ 33^(r ♦ 3F) ^ ( Lr3^ Lm(345r) ) 

Note: Use that mni^ term of the two containing Lx and that 
gives the greater value. 
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© depth of the arch ring at the orown in inches 
9 clear span in feet 

5 fill over the crown at the extrados in feet 
5 rise from the springing line to the soffit in ft, 
form live load in lbs. per square foot 
moving live load that will be concentrated on 
ingle path over half the span in tons of 2000# 
^} P « 1.58'; Li » 125 Ibs/sq.in; 1^-14 tons. 
86 values, 

^ 3x2500 (?• 5+3x1 • 58) ( 125x2500 «^ 14(50+5x7>5 ) 
4000x 7 >b - 2500 ^ (:i0000x7.5 IbO x 7.5 ) 

+ 3*34 -I- (1.39 or 1.09) » 8.73 or 9 in. 



ohes have a rise of less than one- third of the span 

33n + O.OOlffS 
Sr f — 

a rise of more than one-third the span 

33n + 1 . JL 
555 ra 

depth of the arch ring at the crown in feet 
weight in pounds of one-half of the arch, in- 

iing paving and a fill less than 3.5 ft. in depth 

:he orown 

i average stress in the arch in lbs. per sq.ft. 

I clear span in feet 

f rise of the arch eucis in feet 

oeff icient which is usually assumed for bridges 

be 0.2 

from Balet*s formulae should be reduced 15^ for 
ed concrete arches. 
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vr is given very closely by means of the following formula 



i¥ 



(f + d 4 lcr)5 X 130 



where 



W « the weight in pounds of one-half of the arch 

f ■ the fill over the crown at the extrados in feet 

d « the thickness of the arch ring at the crown in ft. 

r « the rise from the springing line to the soffit in 

feet. 

S ^ span of the arch in feet 

k « a factor depending upon the ratio of the rise to 

the span (See the following table). 
Ta3u of VALue^ ror K 



.Ratio of Rise 1o Span 


./3 


H 


ISS 


J7 


./as 


.20 


.2/5 


.2i 


.24S> 


.231 


H 


.54 


.M 




.3/ 




.29 


za 


.21 


.26 


ZS 



In the formula for the value of W 

f « 1.58'; d . 18" (assumed); r - 7,5'? 3 » 60';lc« .323 
W « (1.58 + 1 + ,323x7.5)25x130 - 16.850 lbs. 

Then In Balet's formula, where arches have a rise of less than 

one- third the span 

n • 0.2; W - 16.850#s; S » 50'f r^ - r - id - 7.5- ^-7' 

fo= 250#s/sq.in." one-half the maximiun allowable stress 

d - .85 (3.333x0.2 ♦ 0.001x16850x50 ) , ,974, . ^^^^ 

( 7 X 250 ) 

Taking an average if the three values determined for d, 

d ■ 13.65 ♦ 8.73 » 11.7 , 11.36" 
3 

In the design, 12 in. will be used for the thickness of the 
arch ring at the crown, and the vertical depth at the springing 
line will be made 36 in. 
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Determination of the Curvature of the Arch Axis 

A trial arch was assumed, in whioh the intrados, the arch 
axis, and the extrados were three centered curves. The hori- 
zontal distance of the arch from the springing to the crown, 
was divided into twenty equal divisions, ten divisions on each 
side of the crown, and the amounts of the dead loads and their 
action lines were determined. 

Since the dead load was much greater than the live load, 
a deflection curve for the live load would not deviate much 
from the dead load deflection curve. This approximates the 
condition for moments in a three hinge arch. Then summation 
of moments at the crown and at the springing were assumed 
equal to zero. By taking a summation of moments at the spring- 
ing, the true pole for the equilibrium polygon was determined. 

A force dia;?ram for half the arch was drawn, from which 
the equilibrium was made to pass through the arch axis at the 
crown. The equilibrium polygon so closely approximated the 
form of the arch axis, that the curvature of the arch axis was 
deemed satisfactory. 

Determination of the Radii of a Three-Centered Curve for the 
Intrados, Arch Axis, and the Extrados. 





FDcoso(-APsin<< 



1) 



2) 



A 



In order to solve for the 



radii, it was necessary 



to determine the value of y. 
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A general equation 

y - k^h tl ♦ fc^(2g/(n^l)(n^2))] 
[1* (2K/(n*l)(n+£)!| 

was developed by Professor V/. 3. Kinne at the University of 
Wlsoonsln* 

h ■ the rise from the springing line to the soffit in feet 
k « the ratio of the distance from the point in question to 

the crown to half the span. 
Z « a constant determined by the relationship K ■ !![§ -1« 

Wo 

Wg» the dead load at the springing. 
Wq» the dead load at the crown, 
n = an average value of 3. 

If n » 3; k ■ -J-, then the general equation can be expressed as 

y = h ( 1 ^ 0.0125E ) 

? (1 ♦ O.IK ) 3) 

If Wq is the dead Joad above the crown, 

Wq - 150x1 + 120x1 + 150x|| « 355#8. 

Wg, the dead load at the springing, is dependent upon the weight 

of the arch at the springing, the fill, and the. pavement above 

the arch at the springing. 

The vertical depth of the concrete at the springing is 3' 2^; 

that of the fill, 8' O''; and that of the pavement, 6f". Then, 

Wg » 3.17 X 150 4 8x120 + 150x6f - 1520#8. 

K « . 1 . 1||0 . 1 . 3.29 
Wq 355 

h » 7.5 feet 

Substituting these values in equation 3), y ■ 1.47 ft. (arch 
axis value for y) 
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TABLE 
FOR THE C OMPUTA TION OF 
ICED LOAD CONTOURS AND DEAD LOAD 



0»pfh of 
£aHh 

F/ll. 


D^h of 
Arch 
R/ng. 


EaHh Ftll. 


Dtfith of 


P^fh of 
Coner0f«. 


Amm. £^vM 
D«l0th of 
Concr»i». 


Vefum of 
Doad 

load. 


/.oo 


1.00 


080 


0j66 


2.33 






/.as 


WO 


0.84 


0.56 


2.40 


2.36 


633 




/.OZ 


/.OO 


0.56 


2.66 


2.45 


j34 




LOS 


/.Z6 


0.56 


267 


2.72 


1021 




/.09 


/.3S 


0.66 


d23 


3.05 


1 142 




/JZ 


2.04- 


0.56 


372 


3t4S 


1301 


\^ / 






O 5^ 




406 


/ 524- 




/.49 


327 


0.56 


6.32 




7825 




/.aa 


4.06 


0.56 


6SZ 


S92 


2219 




2.35 


S.03 


0.66 


7.33 


625 


2042 




3.20 


6J5 


0.36 


3.91 


A34 


3350 
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For the intrados. x « 1£.3'; y « 1.60'; and h « 8.9' • 
For the extrados, x = lE.6'f y « 1.51'; and h « 6.6£'. 

The radii for the arch axis were determined by substituting 

in Equations 1) and 2). 

R « 1.47^ ♦ 156 « 53.75 ft. 
2x1.47 

sin oc « 12.5 » .2325 

COS <x « 53.75-1.47 = .972 
53.75 

r « ■|-(156-i-36.5) ■ 33,1 ft. 

6.03x:972 -IS. 5 x .SS25 

By a similar substitution, the radii for the intrados are R « 
50.0 ft. and r « 27.2 ft. Also the radii for the extrados are 
R « 54.5 ft. and r « 43.4 ft. 

Reduced Load Contour^, Amount and Action Lines of the Lead Loads 
The horizontal distance between the left springing and the 
crown was divided into ten equal divisions by means of vertical 
lines extending from the intrados to the top of the ballast. 
The crdinates of the "Reduced Load Contour"*, which were to be 
measured above the intrados, were determined, and the amount of 
the dead lotid for each division was evaluated by means of Table B 
The "Reduced Load Contour" was plotted, and the centers of 
the ten equal divisions were ascertained. In order to make a 
force diagram, it was necessary to determine the true pole dis- 
tance. 

Determination of the True Pole for the Equilibrium Polygon. 

- H is the true pole distance. Taking: a summation 




CM 
of moments about the springing, « 0, H was 

^TJ^*^"L analy^i^^lly determined. Digitized by GoOglc 
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3350 


X 


1.25 




- 4180 


14 

To checlc this value of H, the center 


234E 


X 


3.75 




- 8780 


of gravity of all the vertical forces was 


2219 


X 


6.25 




13840 


determined. Since there was a summation 


1825 


X 


8.75 


m 


15950 


of moments at A and at C equal to zero. 


1524 


X 


11.25 




17180 


a horizontal line from C was drawn to cut 


1301 


X 


13.75 




17890 


the resultant vertical force. If the line 


1142 


X 


16.25 




18590 


connecting A to this point was parallel to 


1021 


X 


18.75 




19150 


the line connecting the vertical forces 


933. 5x 


21.25 


m 


19800 


and H in the equilibrium polygon, H was 


893 


X 


23.75 


m 


21190 


the true pole distance. 






7.5H 


z 


156550 


Taking « for the vertical forces, 






H 


m 


20870 


16550 . 5xX = 156550 



X « 9.46 ft. 

Since the lines mentioned above were parallel, H was the true 
pole distance. The strings of the equilibrium polygon were then 
drawn in. It was found that the strings of the equilibrium 
polygon passed through the arch axis at the springing and at 
the crown, and that the equilibrium polygon approached the 
arch axis very closely. 

Analysis of the Stresses in the Arch Ring 

At this point, a determination was made to see whether or 
not the allowable values were exceeded when the arch was loaded 
to yield maximum stresses. For the general theory of arch bridges, 
see "Modern Framed Structures", Part II, Chapter IV, and for the 
application of the theory see "Principles of Reinforced Concrete 
Construction", Chapter VIII. 
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rtermined "by the preliminary work was laid, out to 
^ The arch ring was divided into eight di- 

L® was a constant. 

;ep in dividing the arch ring into eight divisions 
le length of the arch axis between the crown and 
Lng the center of the extrados curve with the in- 
3 vertical line through the springing and the ex- 



the Length of the Arch Axis 

en = 8in-l BD - 12.5 - IS^ - 25' • 

00 - 2sin"^ChordBC « 2 sin" ^15.2 « 23^-6' 

The arc AB - 18; 42 x2ir x 5S.75 - 12.6 ft. 

360 

The arc BC « ^23 x 2ir x 33.1 - 13.3 ft. 

Length of arc AC ■ 25.90 ft. 

f the arch axis, AC, was divided up into ten 
after which the radial thickness at the crown, 
^, and at the intermediate points, were scaled, 
e listed in Tatle No. 1. 
values in Table N04 1, a Curve 1 was plotted, 
iation in radial depth of the arch ring between 
;he springing line. Values from this curve were 
;ure computfitions, in which the radial depth of 
fas involved. 
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Table */ 



A/umbmr 
of 

Poitlf 


from 
Crown 


Q^pfnOCOmQ 


from 


Crown 


QOO 


f.OO 


lO o 


/ 


^ O 


/. QO 






K i H 

o.i O 


AGO 


LOO 




'9 f ^ 

7.77 


LOZ 


/.OO 


4 


70.36 




AO^ 




i 9 

f £,9 O 




i 1 n 


6 


/S.54- 


lie 


1 22 


7 


/a./3 


1.4 c 


14 O 


a 


2a 7 2 


1.63 


/6'4' 


3 




Z.04 


/.sa 


Jprfnging 


25.90 




24S 



Table "^2 

COMPUTAT/ON FOR VaLUE OF-C^ 



0) 


Jfoclkfl 


(3) 


(4) 


(6) 


(6) 


(7) 


CO) 


(9) 


OO) 




l>9pfh of 


















Poinf 


Center 




Z 'f^V/i 








/5/^n 


7- 






h 








2nA(7) 


^*/5/^ 


c. //i 


Crown 


/.OO 


Aoo 


coaa 


.SO 


.25 


j063 


.019 


.OS6 


/O.^I 


1 


/.OO 


/.OO 


o.oa3 


.so 


.zs 


.063 


.0/3 


.096 


/04I 


2 


/.OO 


/.OO 


o.oao 


so 


.25 


063 


.0/3 


096 


/04I 


O 


10 O 


AOO 


O.OS3 


.so 


.25 


063 


.013 


j096 


I04I 


4- 


10 3 


AOS 


o:o9i 


.32 


.27 


.073 


.0/5 


.706 


9.40 


S 


/./O 


/.as 


O.I 1 1 


.55 


.30 


.090 


OlS 


./30 


769 


€ 


/.2£ 




O.I 52 


.61 


36 


./30 


.027 


J 73 


5.59 


7 


/.40 


M.J4- 




.70 


.45 


.203 


.043 


271 


363 


a 


/.64- 






.62 


.37 


.325 


.068 


436 


223 


9 


ASS 


7.76 


0646 


3S 


74 


.543 


.//S 


.761 


/.3I 


Springing, 


2.4S 




/.22S 


/.22 


,97 


.941 


.198 


7.429 


0.70 



Digitized by Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



16 



The value of 1^^ was computed (See Art* 178, Turneaure and 
Maurer), by means of Table No« 2. The moment of Inertia at any 
section is equal to I « •^^s* ^s moment 

of inertia of the steel and the concrete respectively* The a- 
mount of ateel reinforcement along the intrados and the ex- 
trados was assumed to be 0«7 per cent of the area of the cross 
section of the arch rib at the crown* 

The constant ds was determined from the formula ds « sio 
(See page 342, Turneaure and Maurer). 

ds - 25*9 X 6*676 = 21*3 
T B 

N » the desired number of divisions in half the span. 

The lengths of the eight ds constant divisions was de- 
termined by the following graphical method: A curve was plotted, 
showing the variation of the moment of inertia between the crown 
and the springing. The moments of inertia were plotted as the 
ordinates and the distances as the abscissae* These lengths are 
listed in Table No* 3* 

The lengths of the eight divisions were laid off along 
the arch axis, and the center of each division was located. Af- 
ter these points had been numbered, one to eight, starting from 
the crown, the values of x and y, the co-ordinates of these cen- 
ter points and of the springing point on the arch axis were 
scaled, the crown point of the arch axis being used as the ori- 
gin* These values were also tabulated in Table No* 3* 
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Ungths of Divisions toMahs ^ 
Constant and Cooronates of Dmm Centers 
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Table "^4 
Vaiue of Dead Loads 

AND 

Coord/nates of Their Act/on Lines. 
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^ ^^^Txea of the dead loads and the x-coordinates of their 

were obtained from the preliminary aroh, and were 
Lrx Tatl3le No. 4. 

important step in the analysis of the stresses 
a-oro la ring was to assume that the aroh was cut at the 
f ox^ming two c^antilevers extending from the abutments, 
on'bs "m" were computed from the dead load. Values of m^^ 
nt;od tlie moments in the left half at eacja of the center 
dE'rom one to eight, inclusive, due to all the loads lying 

tlao i>oint in question and the crown, while the values 
oi^resented the moments in the right half. Since the arch 
ime t^x* ioal, m^ « m^ for the dead load. 

SJLnoo 1;lie moments at the center of the ds constant di- 
} wox*e desired, it was necessary to compute the moments 
atoorx i>oints, since loads were considered as being ap- 
j^-j- intermediate points. It was then possible to se- 

<io3ix*©^ moments* rable No. 5 was the moment table 
^ <i©&cL load only. A check on the table consisted in the 

-fc^ie springing being equal to the stun of the loads 
j^^^^ -|3y the distance from the center of gravity from the- 
Ofitntilever moments for the six conditions were com- 
axidL moment tables were constructed. 
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-/L£:i/£R Moment Table FOR l/v£ loAO qn Whole 6fa/\/ 
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lAdLB *7 

Cant/leve/k Moment Table eoh Maximum + Mc 
PEP Length -/z.5FT Ioad/ft = /£6i3s. . L.H 5 pan 
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There was no need to compute the cantilever momenta for 

maxlmtun -i-H^ and maximum *M_, since these moments were combina- 
8 s 

tions of moments already computed. Moments for maximum 
(left half span) were the same as for meiximum -^U^ (left half 
span), while the right half span moments were equal to those 
of the dead load plus the live load (either half span). Mo- 
ments for maximum -M^ (left half span) coincided with those 
for maximum -M^ (left half span), while the right half span 
moments were equal to the dead load only (either half span)* 

Summation tables were made for each of the six systems 
of loadings, and the thrust, shear, and moment at the crown was 
computed for each case. The values m^ and m^ were obtained di- 
rectly from either Tables 5, 6, 7, or 8, depending upon the 
loading under consideration. The values x and y in all six 

tables are the x- and y- coordinates of the centers of the ds 

T" 

oonstant divisions. 

Hot Vq, and M^ for each condition of loading were de- 
termined with the values obtained from Tables 9, 10, 11, 12, 
13, and 14. 

Case I - Dead Load only. 

Case II - Dead Load plus Live Load on the vVhole Span. 



Case III 



Dead Load plus Live Load for Maximum -i^M • 







Case V . 



Case IV 



Dead Load plus Live Load for Maximum -Mq« 
Dead Load plus Live Load for Maximum -i-Ma^ 



Case VI 



Dead Load plus Live Load for Maximum -M. 
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Summation Table 
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Summation Table Live Load on Whole Span . 
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Summation Table Live Load fok Max. 
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A sxunmary of the values of H^, Vq, and M^, obtained from the 
siumnatlon tables are as follows: 
Case I. Prom Table 9. 

H « 25450#8; V « 0; M - -453 ft#s; e - -0.017 ft. 
Case II. From Tables 9 and 10. 

H » 25450 + 6780 - 32230#s; V « 0; M « -453 + 575 « 122 ft#s; 
e « 0.004 ft. 
Case III. From Tables 9 and 11. 

H - 25450 + 3050 « 28500#s; V • 0; M » -453 + 962 « 509 ft#s; 

e « 0.018 ft. 
Case IV. From Tables 9 and 12. 

H - 25450 + 3710 - 29160#s; V - 0; M - -453 - 935 »-1388 ft#8; 

e « -0.048 ft. 
Case V. Prom Tables 9 and 13. 

H - 25450 + 1864 « 27314#s; V - 254. 5#s; U - -453-471« -924ftib; 

e « -0.034 ft. 
Case VI. From Tables 9 and 14. 

H » 25450-^4899 - 30349#8; V- -265. 5#8; M- -453+1076- 623 ft#s; 

e » 0.021 ft. 

Having computed these values, force polygons and their cor- 
responding equilibrium polygons were drawn for all six conditions 
of loading. The point of application of the line of pressure was 
now definitely known at the crown, the eccentric distance e » Mg» 
the sign depending on the sign of Mq. A positive sign meant 
that the point of application was at a distance "e*^ above the 
neutral axis, and a negative sign, below. The equilibrium 
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polygons were drawn by making parallel transposition of each 
successive ray of the force polygons to its place between the 
proper load action lines, beginning in each case at the crown 
and working toward the springing. 

The bending moments, thrusts, shears, and eccentric dis- 
tances for the six conditions of loading were shown in Tables 
15,16,17,18,19, and 20, in which ten points were considered, 
the crown, the springing, and the center of the eight ds con- 
stant divisions of the arch axis* Bending moments were calcu- 
lated from the formula 

M«m+Hoy+MQ± VqX 
where m « the bending moment at any point in the canti- 

lever due to external loads, assumed positive 
when causing compression in the upper fibres* 
Hq« the thrust at the crown* 
Ho" the bending moment at the crown* 
Vo» the shear at the crown* 
X €uady« the coordinates of any point on the arch axis 
referred to the crown as the origin, and all 
to be considered as having a positive sign* 
The plus sign of YqX was used for the left half, and the minus 
sign for the right half of the arch* 

The thrusts and the shears were determined graphically and 
scaled from the proper force polygon, the thrust being the com- 
ponent of the resultant perpendicular to the arch radius at any 
point drawn through the true pole* The shear was the component 
parallel to the arch radius at that point, drawn through the in- 
tersection of the force polygon rays with the vertical string 
polygon* The eccentric distances were equal to the moments di- 
vided by their corresponding thrusts. Digitized by GoOglc 
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f a variation in Temperature of £0°F. 
Ho * B ( otlH ) 

Mo - HI 



E « the modulus of elasticity of concrete » 2, 000,000#s 

per sq.in. » 288,000,000#s/gq^f 

ds = 21.3 
-J 

• the coefficient for the expansion of concrete 
= 0.000006 

t « the temperature change « * SO** F. 

1 » 51.80 ft. « the span of the arch axis. 

N • the number of ds consteuat divisions « 8. 

y « 9,24 

) - 2(8x25.79 - 9.242) . 241.8 

Ho - 288 . OOP . 00 x0 . 000006x61 . 8x8x20 « 2780#s. 
^ ' 51.3x241.6 

Mrt • - 27 80 X 9. 24 - -3210 ft#s. 

-O g 

of arch of one foot 

H ■ 1 7850#8 (♦) for a rise in temperature, (- )f or a 

fall 

\K m dc 3210ft#s(-)for a rise in temperature, )f or a 

fall 

were taken from the drawing by means of a protractor. 
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Moments, Thku5T3, 5heaj^s. anp Eccentric Distances 

^OHA /fiSE IN TeMPERATU/^E OF 20" FaHR. 
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ming 

mat throughout the aroh which produced an average atress 

icrete equal to lbs. per square inch would shorten the 

an amount equal to f^l , if unrestrained. This action 

horizontal reactions in the same manner as a lowering 

iperature* For this thrust, 

- I f ^IN and Mq - -Holy 

dsSI Miy2-( y)2) "TT* 

verage compressive stress at any section was the 
that seotion, divided by the area of the transformed 
the aroh ring; the value of f^ that was used in the 
s the average -for the arch. 

ormula for the area of the transformed section is 
• bh n(A + AM or bh + 2nA for symmetrical sections 
"h" was scaled from the drawing ; '^b" was taien as I'O". 
ig the average value of f^ for the arch, it was neces- 
to consider the stresses at the crown, at . the springing, 
center of the sixth ds constant division. The thrust 
shortening was negative, and therefore decreased the av- 
•esslve stress in the arch due to the dead load, live 
;emperature changes. Befor.e the value fo could be ob- 
was necessary to know the value of Hq due to rib 

Beoanse of this, a value of Hq clue to irib shorten- 
umed, after which the average stress f^ in the arch 
ned and the value was conaputed. No revision of com- 
s made^ if the computed value agreed within ten per 
assumed value • 
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lases were considered: first, that due to the dead load. 
I, rise in temperature, and rib shortening; and, second, 
to dead load, live load, fall in temperature, and rib 

values of the bending moments, thrusts, and shears were 
by multiplying those due to temperature change by the 
Hq for rib shortening to Hq for temperature change. The 
e all opposite for temperature rise. The results were 
Table No. 22. 

Case I 

oad. Temperature Rise and Rib Shortening. 

Hq for rib shortening « -3000#s. 
trial. 

^ at orown « 25450^2780-gOOO « 20850#s/ 

^ 1x1.00^.81 ^Bq.ft. 

at point 6- 26000^. 979 ( 2780-3000 ) « 19500#s/gg^f t. 
h was taken from Cunre 1. The distance for point 6 
he crown along the arch axis was 11.85 ft. 
, at springing - 30200;^. 8 (>220 ) - 11300#s/gq^f t. 

for arch = 20850»19500i-11300 - 17217#s/q ^^^^ 
17217x51^8x8 « -1388#s (Too small) 

trial. Assume Hq ■ -1400#s. 
at orown « 25450^1380 - 22. lOOls/g^^^^^ 
at point 6» 25450».979(]aBO « 20, 700#s/8q.f t. 
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it apringiiag . g0200-».8(lg80) . - 11750#8/gq,ft 

2 • 66 

'or the arch « 22100^20700-i»11750 - 18183#8/ ^ 

^ " ^sq.ft 

.85x51 > 8x8 « -1460#8; « ♦ 1460x9 > 24 - 1688ft #8. 
1.3x241.5 ^ 8 

value for Ho is within ten per oent of the aesnmed 

e value for Hq will be taken as final 

, Live Load, Temperature Rise, and Rib Shortening. 

^alue of « -1700#s. 

; or own - 52250W 2780>1700) « 27500#s/gq^f 

1.21 

; point 6 » ggOOO^. 979x1080 « 25800#s/gq 

spring^ing - 37650^ .8x1080 • 14480#8/gq^f t. 

2*66 

r aroh - 27500-t-26800-i-14480 - 22593#s/ ^ ^. 

- - 2 2695x51,8x8 - -1815#s; Mq - 

21.3x241.y 

- -1816x9 « 24 - 2100 ft#8. 

s — 

Live Load for Max. +Mo, Temperature Rise, Rib 



. -17O0#s. 

orown - 28500^(2780-1700) = 24400#8/gq^^^^ 

point fi« 291004 » 979x1080 - 22900#s/gq.f f 

1. 32 

&r> -ringing 33150-1'. 800x1080 ■ 12800#8/8q.f t . 

2. 65 

Q^jralt • 24400-i>22900-t-12800 - 20033#s/g^j^f 

c5X " -1^^^^^*' ^0 --- 1616x9 » 24 - 1865 ft#8. 
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)ad. Live Load for Max. -Mq, Temperature Rise, Rib 
ling. 

Hp » -1680#8. 

, at orown » 29160-»-( 2780-1680) - 25000#s/g ^ 

, at point 6 - 29850-^.979x1100 - 23400#a/gq .^^^ 

at springing - 34650-I- . 800x1100 ■ 13350#8/_„ 

5755 8q.li. 



for arch 



25000->-23400-»lgg60 ■ 20550#8/gq .^^^ 



660x51.8x8 ■ -^1650#s; M© 1660x9. 24 - 1905 ft#s. 

i.gxS4i.a 8 — 

ad. Live Load for Max. +Mg, Temperature Rise, Rib 
ing. 

y -1480#8. 

1. springing = 32100» . 800x1300 - 12440#8/gq.f t. 



L.point 6 
at orown 
r. point 6 
r. springing 

for aroh 

ft6983c51.ex8 
21.U3cli4i.b 



28000-». 979x1300 - 22200#a/-,„ 
TTJS . 'sq.rt. 



27314-» 1300 
1.21 



• 23700#s/3^^f,. 

28100■^. 9 79x1300 - 22200#8/ 
1735 'sq.ft. 

33450+^800x1300 « 12950#s/__ 
5753 'sq.ft. 

12440+ 22200+ 23700+22200+12950 "186 98#aft^ 
5 

-1500#8; Mq- - - 1500x9.24 - 1736 ft#8. 
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iOad, Live load for Max. •Ms, Temperature Rise, Rib 
ming'. 

! Ho • -1680#s. 

'a 1. springing » 55600-»« 600x1100 = 13650#3/„^ 

§755 'sq.ft. 

- 1. point 6 - g0950-». 979x1100 - £4300#s/ „ 

at crown « 30350+1100 « 26000#s/ „ .^. 

o y:^T- 'sq.ft. 

o r. point 6 - 31050 +.979x1100 - 24300#8/gq^f 

1.32 

o r. Springing ». 34550+ . 800x1100 ■ 13300#s/ 

2,S6 sq.ft. 

c for arch - 13660+24300+26000+24300+13300 -20310#s/a;2 

S> 

80310x51.8x8 - -1632#8; Mq- - - 1632x9.24 » 1885 ft#s. 
S1.3xS41.8 8 

Case II 

sa-na sort of caloulations were used for Case II as for 
("irst, a value of H© was assumed; then an average fg 
lined; and" finally, Hq was computed. If the computed 
ivithin ten per cent of the assumed value, the computed 
considered within the required limits of accuracy, 
ad. Temperature Pall, and Rib Shortening. 
Hq « -1320#8. 

for arch - l^SOOls/g^^^^^ 

4800x61^8x8 - -1190#8; M^ —1190x9.24 - 1375 ft#s. 
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a Load, Live Load, Temperature Pall, Rib Shortening. 

ame Eq - -1520#s. 

. fg for arch » 19217#s/ 

• 19217x51,8x8 • -1545#8; Mn»«- 1545x9. 24 • 1782 ft#s. 
21.3x541.8 ° 8 

I 

I Load, Live Load for Max. +Mq, Temperature Pall, Rib ^ 
:tening« 

ime Hq » -1420#s. 

. to for aroh » 16733#8/ ^. f 

« - 16752x51.8x8 - -1348#8; M^«^- 1248x9. 24 - 1555 ft#8. ^ ^ 

21 •5x241.8 ^ 8 

I Load, Live Load for Max. -Mq, Temperature Pall, Rib | 

•tenlng. 

ime « -1320#8. 
o 

fo for arch - 17360#s/gq^f 

-17360x61.8x8 - -1395#8; M — 1395x9.24 = 1610 ft#s. 
21.Sx241.B ° 5 

Load, Live Load for Max, +Ms, Temperature Fall, 
Shortening, 
me Ho - -1220#a. 

fg for arch - 15608#8/gq^f 

-15608x61^8x8 » -1255#8; - - - 1255x9,24 - 1450 ft#s. 
21,Sxli4i.ti 5 

Load, Live Load for Max, -Mg, Temperature Pall, 
Shortening. 
Be Ho - -1320#8, 

fo for arch - 17290#8/g^^^^^ 

T7P. 90 x51.8x8 - -1386#8; M = - - 1386x9.24 - 1600 ft#3. 
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> • 23 oontained the combination of bending moments 
Lne. to the six conditions of loading, a rise or fall 
re, and rib shortening. By an inspection of the 
polygons for the fifth and sixth conditions of load- 
aotioed that the bending moments were of opposite 
3 spending points on the opposite sides of the arch, 
ositive bending moments with the corresponding 
given in Columns 5 and 7, while all of the nega- 
moments with corresponding thrusts were given in 
d 8. Values in Columns 9 and 16 were taken from 
Ld values in Columns 10 to 2E, inclusive, were taken 
ro. 2£. In the determination of the values for Gol- 
24, the three causes of stress were always kept in 
)ndition of loading, the rise or fall in temperature, 
rtening* 

nns 1 to 8, inclusive, contain the resulting moments 
due to the six conditions of loading; Columns 9 and 
a moments and thrusts due to rise or fall in temper- 
Columns 10 to 15 inclusive and 17-2E inclusive con- 
moments and thrusts due to rib shortening* In order 
e a moment value for 23, a moment was selected from 
irst cause, another from the third cause, and the sum 
ments were added to the moment found in Cclumn 9. 
e a moment value for Column 24, a moment was selected 
IS 1-8 inclusive, another from Columns 17-22 inclusive, 
1 of these were added to the value found in Column 16. 
corresponding to each moment was treated in the same 
cive moments meant compression at the extrados, and 
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tension at the intrados^ 

In order to determine which moment and thrust would give 
the greatest compressive stress in the concrete, it was neces- 
sary to apply the criterion T + 6M (all "M" were considered 

gL 

positive in Bign) , where T was the thrust, d « h, and U was the 

moment. It was found that the criterion gave highest results 

for combinations of greatest positive moment and greatest 

thrust; hence, only those combinations were entered in Column 

23. The combination of moment giving the greatest value for T-I-6M 

was underscored, as it was the one which gave the greatest 

maximum stress. The criterion T - 6M (all ^'l!'' were considered 

positive in sign) was used to determine which combination of 

moment and thrust gave the greatest tensile stress in the steel. 

The combination of moment and thrust which gave the greatest 

negative value of T - 6M was underscored. Only the combina- 

d 

tions of greatest negative moments and smallest thrusts were 

entered in Column 24, since they gave the highest value for 

the criterion T - 6M. If there were no negative moments, the 

cT 

lowest positive moments were entered in Column 24. 

The eccentric distances in Columns 23 and 24 were the 
bencing moments divided by the thrusts. 

Table No. 24 combined the shears due to the various con- 
ditions of loading with those due to a rise or fall in tempera- 
ture and rib shortening. The maximimi positive shear was ob- 
tained by adding to the shear due to rise in temperature and 
rib shortening (Col. 9), the greatest positive shear in Columns 
1 to 8 inclusive. The maximum negative shear was obtained by 
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adding to the shear due to the fall in temperature and rib short- 
ening (Column 10), the greatest negative shear in Columns 1 to 8 
inclusive. 

Table No. £5 furnished a means to compute stresses due to 
bending moments and eccentric distances. Two cases which must 
be considered were: first, when the fibre stress was wholly com- 
pressive (the line of pressure lying within the kern), and, 
second, when there was some tension at the section (the line 
of pressure lying without the kern). In order to determine 
the case under which the section came, the Table on page 101 
of ^Turneaure and Llaurer's ''Principles of Reinforced Concrete 
Construction?! was used. After the quantities "p" and e were 
determined, values of U/-^^^^ were obtained from Plates 12 and 
13 of Turneaure and Maurer, depending upon the case. Values 
of f^ were obtained by dividing the values of M/^j^S by the 

quantities M/^jj^2f • The value for h for the second case was 

c 

obtained from Plates 11 and 12 of Turneaure ana Maurer. The 
tension in the steel was determined from the formula 

where f^ ■ the stress in the steel 
n f the ratio of Eg/fi^. 

■ the stress in the concrete 
d » the distance from the compressive face to the 

plane of the steel 
k « the ratio of the depth of the neutral axis of the 

section below the top to ''d" 
h ■ the radial depth of the arch 
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CHAPTER V. DESIGN OP THE ABUTMENTS 



The forces acting on the foiindaticn consist of 1) the 
thrust of the arch, 2) the weight of the foundation, 3) the 
weight of the earth, pavement, and the live load, and 4) the 
lateral earth pressure • Hesultant lines of pressure were 
drawn for all possible conditions of loading to determine the 
maximum pressure on the foundation. The following are the 
conditions of loading which were assumed: 1) dead load plus 
live load for Maximum -i-Mq or Maximum ^Mq on the span, or dead 
load plus live load for Maximum +Mg or Maximum -Mg on the por- 
tion of the span farthest from the abutment; dead load plus 
live load for Maximum +Mq or Maximum -M^ on the span, plus the 
live load on the abutment or the dead load plus the live load 
for Maximum +Mg or Maximum -Mg on the portion of the span near- 
est the abutment; and 3) dead load plus live load on the whole 
span. 

The magnitude and point of application of the thrusts were 
given in Tables 15, 16, 17, 18, 19, or 20 of the arch design, 
while the direction of the thrust was given by the force poly- 
gons. 

The weight of the foundation was the effective dead weight, 
in which calculations the buoyant effect of the water was taken 
into account. 
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The lateral earth pressure is given by Rankine's formulae, 
which are based on the assumptions that the earth is composed of 
granular homogeneous particles without cohesion, held only by 
the internal friction developed between them, and that the mass 
of earth extends indefinitely. 

The weight of the earth, pavement, and the live load were 
replaced by an equivalent surcharge of earth. 

First an abutment was assumed, and drawn to scale on Sheet 
#3 of the bridge design. The top of the abutment was drawn tan- 
gent to the extrados at the springing, and the equivalent depth 
of fill and live load surcharge was shown. The vertical loads, 
their centers of gravity, their magnitude, and the line of ac- 
tion of their resultant was computed for loading I. The amount 
and location of the horizontal earth pressure was computed, and 
the resultant of the horizontal and vertical forces were drawn 
to scale along its line of action. The thrusts were determined 
by combining vectorially the thrusts due to the loading condi- 
tions with that due to the temperature change. The resultants, 
Rj, were drawn by combining the resultant thrusts with the ver- 
tical load resultant. The force triangles then consisted of for 
cone it ion I, the vertical loads (drawn parallel to the resultant 
of the vertical loads atnd the horizontal earth pressures), and 
the final resultant, Rj (drawn through the i point where the 
thrust due to the loading condition pierced the resultant of the 
vertical loads and the horizontal earth pressures). 

By the same methods, the resultants and stress diagrams of 
conditions II and III were computed and drawn in. Since all of 
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the lines of pressure lay within the middle third, and since the 
bearing power of the soil was not exceeded, the first asstimed 
abutment was adopted as final. 

If the lines of pressure had fallen outside the middle 
third, It would have been necessary to redesign the abutment. 



Rankine's Earth Pressure Formulae 

The lateral earth pressure ■ P = Opw(H^ - h^) 

where 

P = the resultant earth pressure in pounds on a vertical 
surface for a horizontal length of one foot. 

H = the depth of earth above the bottom of surface under 
consideration 

h » height of surcharge 

Cp= a constant depending on the angle of inclination of 
the earth behind the wall. For the conditions of this 
design, Cp « 1/6 or .17, where * 30^ for dry sand 

The pressure was assumed to act, for vertical faces, par- 
allel to the slope of the earth, and at a point whose distance 
below the center of the surface is given by the equation 
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The pressure on an inclined surface is 
equal to the resultant cf P, the pressure 
on the vertical projection of the surface, 
and W, the weight of the earth pressure 
^abcd'* one foot in length. 
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md minimum pressures were eciven by the following 



n 



N(l+6e) 
a a 

]J(l-6e) 
a a 

N 
a 



= the unit pressure in pounds per square foot 

= the component of R, the resultant normal to the base 

= the eooentrioity of the resultant R 

the length of base in feet 
bearing power of the soil about Madison was taken 
)ne-half tons per square foot. 



Calculations 
.ent depth of earth (scaled) 
" 150 y 

Equivalent depth of earth 
harge - equivalent depth of earth 

First Assumed Abutment. 
Condition of Loading I 



7.50 ft. 
0.70 ft. 



8.20 ft. 

1E5 » 1.04 ft 
T5TJ 



/ 3. 
VolTunefft ) 




.vt(# 


c2 - » 30.0 


87.5 


2625) 


1-6.6) - 43.2 


87.5 


3780) 


2 




- 5.0 


150.0 


750) 


L.67) - 7.9 


150.0 


1185) 


+ 10.04)»154.2 


120.0 


18500) 


10.04) = 27.5 


120.0 


3300) 




30140 



(ft.) . 

6.4 41000 
2.84 5500 

8.25 180000, 
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o.g.(l+£)« 6x6. 6xg.g4(2x8«43c(6.644, 2) )4(2xe«4(6» 648.4/3) ) ■ 6.4ft. 

73.^ 

e.g. (3+4)» 1 .67x3 ( 3+3 . 6/3 ) +3x1 . 5x1 . 6 7-» 1 . 79x3 x1 . 5 , n 

o Bt (5 6) 8.25x3x1.5+3x1.79x2x3/2^+10.04x12x9+6x11x5.67 - q ggn 

e.g. (1+2+3+4+5+6) = 226500 . 7 53 ft 

30140 

Horizontal Forces 

- 0.17x120(15.71^ - 10.042 ) = 2900 #8. 

Xt » e.g. "( 15.71 - 10.04) ■ .21 ft. below the center 
^ 6|15.n+10.04)' 

of the surface "he" or .21+. 67 = .88 ft. below the 

surface of the water. 

P2 - 0.17x120(10.04^ - 8.25^) - 755#S. 

X-, » e.g. » (10. 04 " 8.25) 2 « .03 ft. below the center 
2 6(10.04+6. S5) 

of surface "ab" or 2.56 - .03 ■ 2.53 ft» above the 

water line. 

M. - -P-X2.53+P xO.88 • 3655X„ 

Xa ■ -1910+2550 = .18 ft. above the water line. 

^ 

Stresses 

If - N - 48,000#s; r^^^- N » 3200#s/sq.f t} e = 2.18 ft. 

W - 3200(1 +6x2.18 ) - 5950#s/aq.ft. 

15 ^ 

^min • 3200(1 - .87 ) - 415#8/ sq.ft. 

- N - 50,900#8; r^^^^ K - 3390#s/gq.f ^ . e = 1.63 ft. 
W - 3390(1+6x1.63) = 5320#s/gq^f ^ ^ 

^min • 3390(1 - .57) - 1460#s/gq.f 

- N - 48.000#s; ray© " I » 3200#s/gq,f t ; «" ^'^^ ft. 
r„„» • 3200(1 +6x1.59 ) = 4980#s/_ 

Tmin. ' 3200(1 - .56) . 1415#s/aq.ft. 
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dent that the remaining stresses are not as great 
, since "e", their eccentrioity , is of a smaller 

Condition of Loading II 



Volume (ft®) fft/ft® 
• Same as Loading I 
1.04x15 ♦ 15.6 1£0 

•6+7) - £40500 - 7.63 ft. 
32010 



W(#) o.gfft) M(ft#) 
30140 7.53 226,500 
1870 7.50 



14.000 



32010 7.53 240,500 



s 



cl20( 16. 75^-11.08^) 

- (16.75 - 11.08) ^ 
6116.75+11.06) 



3220#s. 

0.19 ft. below the surface 



or .19+. 67 ■ 0.86 ft. below the water line 
xl20 (11.08^-9.29^) « 735#s. 



(11.08 - 9.29) ^ 
6(11.08+ 9.29) 



2.53+P^xO,86 

3 + 2770 




0.03 or 2.53 ft. above the 
surface of the water. 
3955x3 = 

0.23 ft. above the surface 
of the water. 



)260#s; rj^^Q- N » 50250 - 3340#s/gq,f t; ®" ^.0 ft. 
i40 (1 +6x2.0 )^ « 6000#s/„„ 
;40(1. .80) - 1670#8/aq^ft. 

'000#8j rave " 50000 « 3330#8/aq.f t j ® " 1»4 ft. 
.30(1+6x1^) . 5200#s/3^.ft. 
30(1 - .56) - 1460#s/g 
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Oonditions of Loading III 
3L la^oxizontal loads are the same as In conditions of 



!«" . 53000#s; r^ye « 55000 - 3530#8/g^^^^. e - 1.50 ft 

» 3530(1 ♦ 6xl>5 ) - 5540#s/aq^ft. 

15 



3530(1 • .60) . 1415#s/sq^ft. 



.noo none of the stresses in the abutment exoeed the 
, tlie assumed design will be considered final. 
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